Background. Pericytes are vascular mural cells and are embedded in the basement membrane of the microvasculature. Recent studies suggest a role for pericytes in lipopolysaccharide (LPS)-induced microvascular dysfunction and mortality, but the mechanisms of pericyte loss in sepsis are largely unknown.
Sepsis is a systemic inflammatory response caused by microbial infection and remains one of the most frequent causes of mortality in intensive care unit patients [1, 2] . Decreased capillary density and increased endothelial permeability occur in both experimental and human sepsis [3, 4] . This microvascular dysfunction plays a crucial role in the development of sepsis-related multiorgan failure [4, 5] ; however, its underlying pathophysiology has not been completely elucidated. Pericytes are key regulators of endothelial function [6, 7] , but the contribution of pericytes to the microvascular dysfunction of sepsis is unknown.
Pericytes are vascular smooth muscle lineage cells embedded in the basement membrane of the microvasculature that wrap around the microvascular endothelial cells (ECs) [8] . Pericytes, characterized with common expressed markers platelet-derived growth factor receptor β (PDGFRβ) and neural/glial antigen 2 (NG2), prevent vascular leakage by stabilizing ECs [7, 9] . In the blood-brain barrier (BBB), pericytes regulate vascular permeability, and their loss can contribute to BBB disruption [10, 11] .
Lipopolysaccharide (LPS)-induced microvascular dysfunction and mortality have been associated with pericyte loss; however, this loss is not caused by apoptosis [12] . In a recent study, a novel type of regulated cell death, pyroptosis, has been reported [13, 14] . Pyroptosis, an inflammatory form of programmed cell death, is dependent on caspases 1, 4, 5, and 11 and is accompanied by the release of proinflammatory cytokines [15] . Recent studies indicate that inhibition of pyroptosis improved sepsis outcomes in animal models [16, 17] . However, the role of pyroptosis in pericyte loss remains unknown.
The transcription factor Foxd1 belongs to human forkhead-box (FOX) gene family and has been related to different key biological processes including retina development and embryo implantation [18] . Deletion of Foxd1 leads to abnormal lung development and is lethal due to failure of nephrogenesis [19] . Nonarteriolar or nonglomerular Foxd1-lineage cells can migrate to and invest into capillary walls and regulate capillary lumen diameter, vessel stability, and permeability [20] . Furthermore, most of Foxd-1-derived lung cells are pericytes because they express pericyte markers PDGFRβ and NG2 [19] . Therefore, Foxd1 Fli-1 Td tomato mice were used in the in vivo studies to determine lung pericyte density.
Friend leukemia virus integration 1 (Fli-1) belongs to the ETS transcription factor family. Fli-1 regulates a wide spectrum of biological processes including cancer development, fibrosis, vasculopathy, and inflammation [21] [22] [23] [24] [25] [26] . Fli-1 is expressed in ECs, macrophages, B cells, and T cells, and it regulates expression of several important cytokines including monocyte chemoattractant protein-1 (MCP-1), interleukin (IL)-6, and granulocyte colony-stimulating factor (G-CSF) [22, 23, [27] [28] [29] [30] [31] . A recent study further suggested that (1) Fli-1 is a key regulator of inflammation in ECs [21] and (2) Fli-1 deficiency promotes proliferation and cell survival of ECs [32] .
This constellation of findings led us to explore the role of pericytes in the microvascular dysfunction of sepsis. We hypothesized that sepsis would result in pericyte loss through pyroptosis and be regulated by Fli-1. Furthermore, we hypothesized that Fli-1-regulated pericyte loss contributes to the vascular dysfunction of sepsis.
MATERIALS AND METHODS

Mouse Lung Pericytes Isolation, Culture, and Stimulation
Mouse lung pericytes were isolated as described previously [19, 33] . In brief, single-cell preparations from whole lung digests were expanded, negatively selected by CD31, CD45, and CD326 magnetic beads (Miltenyi Biotec Inc., Auburn, CA), and positively selected by PDGFRβ magnetic beads (Miltenyi Biotec Inc.). PDGFRβ-positive lung pericytes were cultured in pericyte medium (ScienCell Research Laboratories, Carlsbad, CA) supplemented with pericyte growth supplement, 2% fetal bovine serum, and 1% penicillin/streptomycin (ScienCell Research Laboratories). Pericytes (up to 3 passages) were seeded in 12-well plates and incubated with LPS (100 ng/mL) for 6 and 24 hours. Protein and mRNA levels of Fli-1 were determined by Western blot and real-time polymerase chain reaction (PCR), respectively. Pericytes were transfected with Fli-1-specific small interfering ribonucleic acid (siRNA) or scrambled siRNA by HiPerFect Transfection Reagent (QIAGEN, Germantown, MD) for 24 hours, followed by stimulation with LPS (100 ng/mL) for another 24 hours. Total RNA and supernatant were collected for further analyses. For ex vivo studies determining apoptosis, pyroptosis, and necrosis markers in lung pericytes by Western blot, the cells were freshly used without in vitro culture.
Cecal Ligation and Puncture-Induced Sepsis and Survival Study
C57BL/6J mice (7-8 weeks old) were housed in a pathogen-free environment. All procedures were complied with the standards for care and use of animal subjects as stated in the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Resources, National Academy of Sciences, Bethesda, MD). The protocol for all animal studies was approved by the Institutional Animal Care and Use Committee at the Medical University of South Carolina. All surgery was performed under anesthesia. Cecal ligation and puncture was performed as described previously [34] . In brief, the cecum was ligated at the colon juncture and punctured twice with a 22-gauge needle. All animals were fluid-resuscitated subcutaneously with sterile normal saline. Sham operation was performed in the same way as CLP but without ligation and puncture of the cecum.
Generation of Pericyte-Specific Fli-1 Knockout Mice
Foxd1-derived pericyte Fli-1 knockout mice were generated by crossing Foxd1 tm1(GFP/cre)Amc (Foxd1 Cre, Stock No: 012463; The Jackson Laboratory) mice with Fli-1 flox/flox mice. Pericyte Fli-1 knockout mice and littermate controls (7-8 weeks old) were subjected to CLP as described, and survival (n = 15 mice per group) was monitored for 7 days. Lung and kidney permeability was determined by Evans blue dye at 24 hours post-CLP [35] . Lung and kidney tissues were also collected at 12, 24, and 48 hours post-CLP for NG2 protein levels. In brief, the mice were sacrificed under anesthesia and perfused via the heart. The lung and kidney tissues were collected and their weights were measured. Equal weight tissues of each group were lysed with icecold radioimmunoprecipitation assay (RIPA) lysis buffer (Cell Signaling, Danvers, MA) and used for Western blot analysis. In separate experiments, lung pericytes were isolated at 24 hours post-CLP, and total RNA and protein were collected for realtime PCR and Western blot, respectively. Foxd1 Fli-1 Td tomato (Foxd1 Fli-1 Td) mice were generated by crossing Foxd1 Fli-1 mice with the universal Cre-dependent reporter mice B6.CgGt(ROSA)26Sor tm9(CAG-tdTomato)Hze/ J ([Td] stock no. 012463; The Jackson Laboratory). Mice (7-8 weeks old) were subjected to sham or CLP. Lung tissues were collected at 12, 24, and 48 hours post-CLP for immunohistochemistry staining.
Mouse genotyping was performed by PCR using Terra PCR Direct Polymerase Mix (Clontech). Polymerase chain reaction was used to detect fragments of the wild-type (WT) Fli-1 and Fli-1 flox/flox allele, as previously described [36] . The primers for Fli-1 PCR were as follows: forward, 5'-TAGTGACTCAGCCTTAACTCTC-3' and reverse 5'-GAGTGTTGCCCTGCTCTCTAC-3' . A 250-base pair (bp) fragment indicated the presence of the WT allele, and a 490-bp fragment was amplified from the mutant allele. The primers for Cre PCR were as follows: forward, 5'-TGC CAC GAC CAA GTG ACA GCA ATG-3' and reverse 5'-AGA GAC GGA AAT CCA TCG CTC-3' . A 400-bp fragment indicated the presence of the cre allele. The primers for Td tomato PCR were as follows: WT forward 5'-AAG GGA GCT GCA GTG GAG TA-3' and WT reverse 5'-CCG AAA ATC TGT GGG AAG TC-3' . Mutant forward 5'-CTG TTC CTG TAC GGC ATG G-3' and mutant reverse 5'-GGC ATT AAA GCA GCG TAT CC-3' . A 279-bp fragment indicated the presence of the WT allele, and a 196-bp fragment was amplified from the mutant allele.
Immunohistochemistry Staining and Confocal Microscopy
Lung tissues from Foxd1 Td mice and Foxd1 Fli-1 Td mice were fixed with 10% buffered formalin in phosphate-buffered saline and dehydrated. Frozen tissues were cut into 8-µm sections. The sections were stained with primary antibody against CD-31 (1:200; BD Biosciences, Franklin Lakes, NJ) followed by Alexa Fluor 488 Goat anti-rat IgG (H+L) Secondary Antibody (Thermo Fisher Scientific, Rockford, IL) and 4' ,6-diamidino-2-phenylindole staining reagent (Thermo Fisher Scientific), as previously described [37] . Image capture and processing were performed using Leica TCS SP5 confocal microscopy (Leica Microsystems Inc., Buffalo Grove, IL). Fluorescence density of pericytes and ECs at 6 random fields per mice were analyzed with NIH ImageJ software to determine pericyte density and pericytes/EC coverage. The observer was blinded to the experimental groups.
Cytokine/Chemokine Assay
Mouse cytokine/chemokine production in the supernatants of lung pericytes was determined by Mouse Cytoline/Chemoline Array 31-Plex (Eve Technologies, Calgary, Canada).
Real-Time Reverse-Transcription Polymerase Chain Reaction
Total RNA was extracted from pericytes with RNeasy plus mini kit (QIAGEN). Complementary deoxyribonucleic acid (cDNA) was synthesized with High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Quantitative realtime PCR was performed by Prism 7300 Real-Time PCR System (Applied Biosystems) using SYBR Green PCR Kit (QIAGEN) in a final reaction volume of 25 µL with each primer (QIAGEN). Data were analyzed with 2 −ΔΔCt value calculation using glyceraldehyde 3-phosphate dehydrogenase for normalization.
Western Blot Analysis
Lung and kidney tissues or isolated lung pericytes were lysed with ice-cold RIPA lysis buffer (Cell Signaling). Western blot was performed as described previously [38] . All lysed samples were kept on ice for 30 minutes and centrifuged for 10 minutes at 4°C at 12 000 ×g. The supernatant was collected and stored at −20°C until further analysis. Cell lysates were subjected to 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred onto a polyvinylidene difluoride membrane. The membranes were blocked with 7% milk in TBST (20 mM Tris, 500 mM NaCl, and 0.1% Tween 20) for 1 hour. After washing with TBST twice, membranes were incubated with primary antibody overnight at 4°C. Fli-1 primary antibody was provided by Dr. Xiankui Zhang (Medical University of South Carolina). Primary antibodies α-tubulin and NG2 were from Cell Signaling. Caspase-3, caspase-1, and RIPK3 primary antibodies were from Novus Biologicals. The membranes were washed twice with TBST and incubated with horseradish peroxidase-conjugated secondary antibody in blocking buffer for 1 hour. After washing 3 times with TBST, immunoreactive bands were visualized by incubation with ECL plus detection reagents (GE Healthcare, Waukesha, WI). The densitometry of bands was quantified with Image J2 software.
Data Analyses
Data are expressed as means ± standard error of the mean. Statistical significance was determined by (1) analysis of variance with Fisher's probable least-squares difference test and (2) Student's t test or log-rank (Mantel-Cox) test using GraphPad Prism software. A value of P < .05 was considered statistically significant.
RESULTS
Cecal Ligation and Puncture Induces Lung and Kidney Pericyte Loss in Mice
Lung and kidney injury are common complications of sepsis. Mice were subjected to sham or CLP, and lung and kidney tissues were collected at 12, 24, and 48 hours after surgery to determine pericyte viability. Lung and kidney protein levels of the pericyte marker NG2 were significantly decreased at 24 and 48 hours in the CLP group (lung: 32.6% ± 7.8% and 44.5% ± 4.0% reduction, respectively, P < .05; kidney: 36.1% ± 7.1% and 44.1% ± 2.8% reduction, respectively, P < .05) compared with the sham group ( Figure 1A and B) . Foxd1 Td tomato mice, which labeled Foxd1-derived pericytes with Td tomato reporter, were subjected to sham or CLP. Pericyte density and pericyte/ EC coverage were also markedly reduced in the lungs of septic mice at 24 and 48 hours post-CLP surgery ( Figure 1C -E).
Fli-1 Is Up-Regulated in Lung Pericytes During Sepsis
To study whether the transcriptional factor Fli-1 plays a role in lung pericyte loss, we determined the expression levels of Fli-1 in lung pericytes in vivo and ex vivo. Fli-1 mRNA and protein levels were significantly increased (8.3 ± 0.9-fold and 2.1 ± 0.2-fold, respectively, P < .05) in the lung pericytes of septic mice at 24 hours post-CLP compared with those of sham-operated mice (Figure 2A and B) . Lung pericytes isolated from control mice were treated with LPS for 6 and 24 hours. Upon LPS stimulation, both mRNA and protein levels of Fli-1 were significantly increased (1.4 ± 0.1-fold and 2.3 ± 0.5-fold, respectively, P < .05) ( Figure 2C and D) . To further determine whether Fli-1 regulates lung and kidney pericyte loss during sepsis, pericyte Fli-1 knockout mice were used. Knockout of Fli-1 in pericytes was confirmed by Western blot analysis (Supplementary Figure S1) . Pericyte Fli-1 knockout restored lung and kidney NG2 protein levels in septic mice at 24 and 48 hours post-CLP surgery (P > .05) ( Figure 3A and B) and rescued lung pericyte density and pericytes/EC coverage in septic mice (P > .05) (Figure 3C-E) . In addition, knockout of Fli-1 significantly reduced lung and kidney vascular leak at 24 hours post-CLP surgery (39.1% ± 6.5% reduction for lung and 40.1% ± 5.0% reduction for kidney, P < .05) ( Figure 4A and B) and improved survival in septic mice (40% improvement, P < .05) ( Figure 4C ).
Fli-1 Regulates Lipopolysacharide-Induced Inflammatory Response in Lung Pericytes
To examine the role of Fli-1 in LPS-induced lung pericyte activation, we knocked down Fli-1 using Fli-1 siRNA. Real-time PCR confirmed significant Fli-1 knockdown (Supplementary Figure S2) . Exposure of lung pericytes to LPS significantly increased both mRNA and protein levels of IL-6 (8.4 ± 0.4-fold and 16.7 ± 1.2-fold, respectively, P < .05) and vascular endothelial growth factor ([VEGF] 1.7 ± 0.1-fold and 2.4 ± 0.3-fold, respectively; P < .05), which were reversed in cells transfected with Fli-1 siRNA compared with scrambled siRNA (Figure 5A-D) . In addition, disrupted Fli-1 expression blocked LPS-induced G-CSF production (57.1% ± 3.8% reduction, P < .05) but had no effect on keratinocyte chemoattractant and MCP-1 protein levels in supernatants of lung pericytes (P > .05) (Figure 5E -G). Lung and kidney tissues were collected at 12, 24, and 48 hours post-CLP surgery. Lung (A) and kidney (B) tissue neural/glial antigen 2 (NG2) protein levels were determined by Western blot (n = 5 mice per group for sham and CLP 12-hour group; n = 4 mice for CLP 24-hour group; and n = 6 mice for CLP 48-hour group), and lung pericytes and endothelial cells (ECs) were visualized by confocal microscopy (C). Pericytes were labeled red, CD-31-positive ECs were labeled green, and nuclei were labeled blue by 4',6-diamidino-2-phenylindole (DAPI). Scale bars are 50 μM. Images were taken at 6 random fields per mice, and pericytes density (D) and pericytes/EC coverage (E) were analyzed with ImageJ software (n = 3 mice for sham group and n = 4 mice per group for CLP groups). Data are expressed as means ± standard error. *, P < .05 compared with sham group by analysis of variance with Fisher's probable least-squares difference test.
Fli-1 Regulates Cecal Ligation and Puncture-Induced Pyroptosis of Lung Pericytes In Vivo
Lung pericytes are decreased by both LPS- [12] or CLP-induced sepsis. Thus, we investigated the possible mechanisms underlying the reduction of lung pericytes during sepsis. Expression levels of the apoptosis marker caspase-3, necrosis marker RIPK3, and pyroptosis markers caspase-1 and caspase-11 were determined by real-time PCR and/or Western blot. The expression levels of caspase-1, caspase-11, IL-1β, and IL-18 but not caspase-3 were significantly increased (6.3 ± 0.9-fold for caspase-1, 9.1 ± 0.7-fold for caspase-11, 16.4 ± 2.5-fold for IL-1β, and 4.1 ± 0.9-fold for IL-18, respectively; P < .05) in lung pericytes during sepsis ( Figure 6A-E) . However, knockout of Fli-1 in pericytes significantly attenuated CLP-induced caspase-1, caspase-11, IL-1β, and IL-18 mRNA levels ( Figure 6B-E) . Protein levels of procaspase-1 and activated caspase-1, but not pro-caspase-3, activated caspase-3, or RIPK3, were up-regulated in lung pericytes during sepsis (2.5 ± 0.3-fold for pro-caspase-1 and 1.5 ± 0.1-fold for activated caspase-1, respectively; P < .05), which was abrogated in Fli-1 pericyte knockout mice ( Figure 6F-K) .
DISCUSSION
This study demonstrates several novel and important discoveries. First, sepsis leads to pericyte loss in the microvasculature of the lung and the kidney, 2 organs prone to microvascular dysfunction and injury during sepsis. Second, pericyte Fli-1 levels are elevated in response to sepsis, and knockdown of Fli-1 protects against pericyte loss and vascular dysfunction. Finally, Fli-1 governs pericyte loss in sepsis by facilitating pyroptosis. Collectively, these findings reveal a protective role of pericytes in the microvascular dysfunction of sepsis and a critical role of Fli-1 in pericyte survival. Thus, Fli-1 may be a novel target for treating sepsis in humans. Increasingly, microvascular dysfunction and vascular leakage are recognized as important features of severe sepsis and septic shock. Decreased capillary blood flow has been observed in sepsis [39, 40] , whereas disruption of the endothelial vascular barrier resulting in microvascular leakage and multiple organ failure is a hallmark of the disease [4, 41, 42] . Pericytes regulate microvascular integrity by supporting ECs through local contact [11] . Lipopolysaccharide induces pericyte loss, which is accompanied by a significant increase in vascular leakage in the heart and lung [12, 43] . Consistent with this, we found that CLP-induced sepsis led to significant lung and kidney pericyte loss, which is, in part, attributed to increased Fli-1 leading to pyroptosis. Thus, therapies to protect pericytes from pyroptosis, perhaps through targeted disruption of Fli-1, may protect organs from microvascular dysfunction and improve sepsis outcomes. Further efforts to support pericyte homeostasis should be an area of future research. Sepsis is also characterized by an overwhelming inflammatory response, which is, in part, driven by up-regulated cytokines and chemokines production. Fli-1 belongs to the Ets transcription factor family and regulates a variety of cellular processes, including the inflammatory response [22] . Recent studies have highlighted the critical role of Fli-1 in regulating inflammation as evidenced by its modulation of the expression of several important cytokines and chemokines including MCP-1, IL-6, G-CSF, and chemokine C-X-C motif ligand 2 (CXCL2) through direct binding to their respective promoters [21] [22] [23] 27] . We demonstrated that Fli-1 is a key regulator of the pericyte inflammatory response. Inhibition of Fli-1 expression by transfecting Fli-1-specific siRNA into lung pericytes blocked LPS-induced G-CSF, IL-6, and VEGF production (Figure 5 ). Both G-CSF and IL-6 are proinflammatory cytokines with known relevance to sepsis [44] [45] [46] . Furthermore, VEGF is a known vascular permeability factor with elevated circulating levels in sepsis [47] and an established causative role in sepsis-related lung injury [48] . Therefore, activated lung pericytes may contribute to both lung The effect of cecal ligation and puncture (CLP) and lipopolysaccharide (LPS) on Fli-1 expression levels in lung pericytes. C57BL/6J mice were subjected to sham or severe CLP. Lung pericytes were isolated at 24 hours post-CLP. Messenger ribonucleic acid (mRNA) (A) and protein (B) levels of Fli-1 in lung pericytes were determined (n = 3-6 mice per group). *, P < .05 compared with sham group by unpaired Student t test. Lung pericytes were isolated from normal C57BL/6J mice and stimulated with LPS (100 ng/mL) for 6 and 24 hours. The mRNA (C) and protein (D) levels of Fli-1 were determined (n = 3-4). Data are expressed as means ± standard error. *, P < .05 compared with control group by analysis of variance with Fisher's probable least-squares difference test.
inflammatory response and vascular dysfunction via release of cytokines, chemokines, and VEGF, and Fli-1 may again be an important regulator of this process.
In addition to Fli-1's direct impact on cytokine and chemokine transcription, its modulation of pyroptosis may further influence local inflammation and vascular leak. We found that pericyte pyrotposis, but not apoptosis or necrosis, contributed to lung pericyte loss in CLP-induced sepsis. Unlike apoptosis, pyroptosis leads to plasma membrane rupture and release of inflammatory cytokines, which can induce an inflammatory response in neighboring cells [15, 17] . These findings suggest that pericyte pyroptosis may be partially responsible for pericyte-mediated lung inflammation in LPS-treated mice [33] via released inflammatory mediators. Previous work has Fli-1 Td tomato mice were subjected to sham or CLP. Lung and kidney tissues were collected at 12, 24, and 48 hours post-CLP surgery. Lung (A) and kidney (B) tissue neural/glial antigen 2 (NG2) protein levels were determined by Western blot (n = 4 mice for CLP 48-hour group, and n = 5 mice per group for the other groups), and lung pericytes and endothelial cells (ECs) were visualized by confocal microscopy (C). Pericytes were labeled red, CD-31-positive ECs were labeled green, and nuclei were labeled blue by 4',6-diamidino-2-phenylindole (DAPI). Scale bars are 50 μM. Images were taken at 6 random fields per mice, and pericytes density (D) and pericytes/EC coverage (E) were analyzed with ImageJ software (n = 3 mice for sham group, and n = 4 mice per group for CLP groups). demonstrated that inhibition of pyroptosis reduces inflammatory cytokine production, attenuates liver injury, and improves survival in CLP-induced septic mice [16, 17] . Therefore, inhibition of pyroptosis may have a protective effect on lung pericyte loss and vascular dysfunction during sepsis, which needs further investigation. Our findings further demonstrated , and IL-18 (E) in lung pericytes were measured. Protein levels (F) of pro-caspase-1 (G), active caspase-1 (H), pro-caspase-3 (I), active caspase-3 (J), and RIPK3 (K) were also determined. N = 3 independent experiments. Data are expressed as means ± standard error from 12 mice per group (4 mice were used to get enough cells for each group at each time for 1 data point). *, P < .05 compared with sham group; # , P < .05 compared with WT CLP group by analysis of variance with Fisher's probable least-squares difference test.
that pericyte Fli-1 knockout significantly attenuated CLPinduced lung pericyte pyroptosis. Thus, Fli-1 may represent a pivotal nexus for vascular inflammation in sepsis through its direct regulation of cytokine and chemokine production as well as its governance of pericyte pyroptosis. Zeng et al [12] found that mice treated with LPS significantly reduced the expression of Sirt3, Hif-2α, and Notch3 in the lung, and this signaling pathway is critical for LPS-induced lung pericyte loss. Our current findings showed that (1) Fli-1 is increased in lung pericytes during CLP-induced murine sepsis and (2) Fli-1 pericyte deletion attenuated lung pericyte loss. Thus, we further determined the expression levels of Sirt3, Hif-2a, and Notch3 in lung pericytes during CLP-induced sepsis. Our data showed that CLP significantly decreased Sirt3, Hif-2α, and Notch3 expression in lung pericytes; however, Fli-1 knockout had no significant effect on the expression of those genes (data not shown).
There are several limitations to our study. Although we used NG2 expression as a surrogate for pericytes cell number, we cannot rule out that sepsis caused decreased expression of NG2 in pericytes. However, confocal microscopy data showed that pericyte numbers were significantly reduced during sepsis. Due to the heterogeneity of the pericyte population, there is debate as to the definition of pericytes' phenotypic characteristics, as well as their origin [49, 50] . The common markers expressed are PDGFRβ and NG2. We characterized the transcription factor Foxd1-derived pericytes in the lung tissues, and we demonstrated that most of the cells are PDGFRβ and NG2 positive [19] . Thus, Foxd1-derived pericyte Fli-1 KO mice were used in the in vivo studies.
CONCLUSIONS
In conclusion, our composite findings confirmed the critical importance of pericytes in vascular barrier integrity in sepsis and demonstrated a novel role of Fli-1 in CLP-induced lung and kidney pericyte loss and vascular dysfunction. Signaling pathways reducing Fli-1 expression need to be further explored as potential novel therapeutic approaches for sepsis.
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